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Effects of F-doping on preparation and superconducting characteristics
of Ag-sheathed T1-1223 tapes
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Abstract @ The effects of partial substitution
of fluorine on physical properties were studied
in Ag-sheathed tapes of TlosPbo2Bio2Sri sBao»
Cas»CusOyFy (0=<x<1) nominal compositions.
The tapes were prepared using the powder—
in-tube method incorporating an in-situ
reaction method. CulF: was used as a source
of F. It was found that F-doping in T1-1223
system resulted in a decrease in formation
temperature of TI-1223 phase. However, it
significantly decreased the volume percentage
of TI-1223 phase, and thus significantly
deteriorated their superconducting properties.
Such disadvantages seem to originate by the
formation of non-beneficial phases such as
SrF: in the early stage of the powder
preparation process.
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1. Introduction

it has been known that TI-1223 high T.
superconductor (HTS) has an irreversibility
line located at a relatively high position in
H-T space. which is due to the relatively
short distance between Cu-0O layers in the
crystal lattice, compared with those of other
high T. superconductors [1). It has been
expected that TI-1223 wires with large
current-carrying capacities at relatively high
fields and temperatures will be able to be
developed, and thus 40 K technology instead
of 20 K in the case of Bi-based HTS wires
will be realized.

In contrast to remarkable advances [(2.,3]
in aspects of J. and preparation cost in TI-
1223 film-type tapes prepared by so-called

open methods, the progress in preparation of

T1-1223 tapes with high J.'s by using the
powder-in-tube (PIT) method has been slowed
down. Up to now. various chemical composi
-tions and preparation methods have been
attempted in order to preparc T1-1223 tapes
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with high J.'s using the PIT method (4-17].
However, the tapes have shown relatively low
J.'s compared with those of Bi-based HTS
tapes, mainly due to poor grain—connectivity
and little directional alignment of TI1-1223
grains in the superconducting cores [1,4,5].

It has been found that the grain connecti
-vity and degree of directional grain-align
-ment, and thus J. values primarily depended
on the nominal compositions used for the tape
cores-especially the ratio of Sr to Ba
16,12,14,17). The tapes of compositions with
Sr:Ba=1.6:0.4 such as TloaBip2Srie¢Bao4Casz
CusQg:s (4,5) and TlosPbo2Bio»SrieBaoaCas
Cus0¢-s [14]), have revealed ill-defined TI-
1223 grains [18) and little directional grain
-alignment, but enhanced grain-connectivity.
On the other hand, those with Sr:Ba=1.8:0.2
have shown well-defined TI-1223 platelets
and a clear tendency of directional grain-
alignment (7,17]). Thus a relatively high J. of
2.5x10" A/em® at 77 K and self-fields was
obtained with excellent reproducibility in just-
rolled tapes of TlosPbooBip2Sri sBag2Cas»Cus
Og+s nominal composition [17). The high J.
value was attributed to enhancement in grain
-~connectivity and degree of texture by using a
newly proposed framework of grain-linking
(19). However, the strong field dependence of
Je in the tapes revealed the existence of
significant weak-links (17]). Thus, for further
enhancement of J., TI-1223 grains need to be
textured in the order of long range.

Recently, Hamdan et al. [(20] reported
that partial substitution of oxygen by fluorine
in polycrystalline bulk of TlosPbosSrisBac.s
Ca2Cu309-5 nominal composition resulted in
an enhancement in superconducting properties
such as T, intra-granular J. and the reduc
-tion of weak-links by partially replacing
oxygen with fluorine.

The present study aims to fabricate the
F-doped Ag/T1-1223 tape that the enhance
-ment of the superconducting properties is
expected. Ag-sheathed tapes of Tlo.sPbo2Bio.o
SrisBan2Ca2oCusOyFy (0<x<1) nominal com-
positions were prepared by using the PIT
method. Then l.. phases, morphology and the
junction characteristic of inter-granular
contacts in TI-1223 tapes with different F
content, which prepared using various thermo
-mechanical treatments, were investigated
and compared to those in a F-undoped tape.



SFAWE - ANSBA S, 28, 18, 20004 58

N
e

Table 1. Variation of I. with thermo-mechanical treatment in tapes of x=0.25.
The tapes were heat-treated at 800~8207T for 20 min, rolled and heat-treated

again at 790~830C for 4~7 h.

2nd heat-treatment (temp. & time)

1st
heat-treatment 790TC 800T 820T 8307C
temp./time
4 h 5h 7h 7 h 7 h
800C/20 min 2.45 A 2.49 A 3.26 A 3.02 A 1.58 A 1.60 A
810C/20 min 3.34 A 3.92 A 471 A 4.36 A 2.88 A 2.50 A
820C/20 min 4.02 A 4.02 A 525 A 4.39 A 0.99 A 2.20 A

2. Experimental

F-doped TI-1223 tapes of Tlo.sPby.2Blo2Sris
Bao2Caz22Cu3z0yFx (0<x<1) nominal composi
-tions were prepared using the PIT method
incorporating an in-situ reaction method, as
follows: In order to prepare prepowder Sris
Bap.2Caz2Cus0,Fx  (x=0.25, 0.5, 0.75 and
1.0), SrC0Os;, BaCOs, CaCOs, CuO and CuFy
powders were mixed in their stoichiometric
ratio. The powder mixtures were heat-treated
at 920TC for 48 h and pulverized with an
intermediate grinding after 24 h heat-treat
-ment. The powders were annealed at 700T
for 3 h in vacuum (10° Torr), ground and
sieved into particles less than 26 m (500
mesh). Then TI203, PbO and Bi2Os powders
were mixed with the prepowder The mixed
precursors were filled into Ag tubes. The
tubes were drawn and rolled to 0.5 mm thick.
The rolled tape was cut to 1 m long and
heat- treated in 800~840C for 20 min. Then,
the tape was rolled again to 0.095 ~0.115
mm thick and cut to pieces ~5 cm long. The
tape pieces were heat-treated in 800~8407T
up to 7 h. In some tapes, an intermediate
rolling was incorporated during the final heat-
treatment. The details on the tape prepara
-tion were shown elsewhere {14,17].

I.’s of the tapes were evaluated using dc
four-probe electrical measurement at 77 K. 1
V/ecm was adapted to a criterion for l.. Ac
susceptibilities of the tapes were measured in
a temperature range of 30-130 K wusing a
Lake Shore 7000 series ac susceptometer. For
the measurements, ac fields of 0.1~20 Oe in
intensity and 1,000 Hz in frequency were
applied perpendicular to the tape surface. The
phases in the tape cores were examined using
a Rigaku X-ray diffractometer with CuKe
radiation. The tape core morphology was
investigated using a scanning electron micro-
scope (Hitachi S-4200) with an accelerating
voltage of 20 kV.

3. Results and discussion

Fig. 1 shows wvariation of XRD pattern
with F content in prepowder of SrisBao2Cazs
CusOyFx (x=0.25, 0.5, 0.75 and 1.0). The
prepowder of x=0.25 is consisted of CuSrO2,
Ba2CuQsz, CaO2 and minor phases of Cap4Cu
Sro.402, BasCuOs and Sris Cu24041, as similar
with F-undoped prepowder [(14]). In the
prepowder of x=0.5, however, Cag4CuSry40:
appears to be a major phase. The amounts of
SrF2,  BasCuilFes and  SriaCu24041  phases
increase with F content, while CuSrO: and
Ca0O2 decrease. The different phase contents
depending on F content indicates that
different chemical reaction occurred depending
on F content.
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Fig. 1. Variation of XRD pattern with F
content in prepowder SrijgBaog2Casz 2CuszOyFy

(x=0.25, 0.5, 0.75 and 1.0). (a) x=0.25,(b)
x=0.5 (¢) x=0.75 and (d) x=1.0.

When the tapes were heat-treated at 830~
840T . which is an optimum heat-treatment
temperature range in F-undoped tapes, low
I.’s less than 2 A were obtained regardless of
F content. Relatively high I.'s were obtained
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in tapes heat-treated at 790~820C. An
example is shown in Table 1. In Table 1, a
relatively high 1. of 5.25 A at 77 K and self
field was obtained in the tape heat-treated at
820C for 20 min, rolled and heat-treated at
800C for 4 h. When the tape was rolled and
heat-treated again, I. decreased to less than
3 A. That means that intermediate rolling at
the final heat-treatment procedure, which
resulted in a significant increase of J. in a
F-undoped tape, is not beneficial in obtaining
high J. in the present F-doped composition.
Furthermore, 1. significantly decreased with
increasing F content beyond x=0.25.

Fig. 2 shows the change in XRD pattern
with F content in tapes heat-treated at 8107T
for 20 min, rolled and heat-treated again at
820C for 7 h. In tape of x=0.25 main TI-
1223 phase was formed with minor TI1-1212
phase. As F content increased. however, the
ratio of T1-1212 to T1-1223 and the amount of
Sriy increased. This implies that F doping
suppressed the formation of TI-1223 phase in
the tape specimen. The decrease of TI-1223
content with increasing F content seems to
related to the increase in impurity phases
content such as SrFe with F content. [t seems
that SrF. formed at the initial stage of
reaction, remained or even increased through
the repeated rolling and annealing processes.
Therefore, it is thought that the formation of
SrFs at the early stage of powder preparation
changes the stoichiometric ratio of constituent
cations, and consequently limits the amount
of T1-1223 which can be formed and results in
a significant decrcase in J..
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IFig. 2. Variation of XRD pattern with F
content in TlosPbo 2Big:SrisBaoe2Caz 2Cu30,Fy
tapes. The tapes were heat-treated at 810T
for 20 min, rolled and hecat-treated again at
820C for 7h. (a) x=0.25, (b} x=0.5 and
(c)x=0.75.

Fig. 3(a,b) shows SEM images taken in
transverse and longitudinal cross-sections of

tape of x=0.25 with I. of 4.71 A at 77 K and
self field. The tape was heat-treated at 810T
for 20 min, rolled and heat-treated again at
800T for 4 h. The figures show that TI1-1223
grains are platelets, indicating that the grain
morphology was not significantly changed with
F-doping, compared with the F-undoped tapes
(17). Actually the plate-like TI-1223 grain
shape was not changed even at F content up
to x=1.0. It was found that, however, as the
F  content increased, the grains became
thicker and impurities became abundant. In
Fig. 3., the platelets seem to have a certain
tendency of directional grain-alignment, but
they are not strongly textured. Grain-linkage
was not enhanced compared with in F-
undoped tape [17). There also exist many
large pores and impurities, which are not
beneficial to obtaining a high J..

(b)
Fig. 3. SEM images taken in (a)

transverse and (b) longitudinal
cross-sections of tape of x=0.25
with I. of 4.71 A at 77 K and self
field. The tape was heat-treated at
810C for 20 min. rolled and
heat-treated again at 800 T for 4 h.

Fig. 4 shows variation of the temperature
dependence of ac susceptibilities with the
intensity of the applied ac field for the F-
undoped (x=0) tape with a J. of 25,200
A/em® at 77 K and in a self field. The tape
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was heat-treated at 8407C for 20 min, rolled,
heat-treated at 840C for 4 h, rolled and
heat-treated at 840C for 4 h again (17). Fig.
5 shows variation of the temperature depen
-dence of ac susceptibilities with ac field
intensity taken in tape of x=0.25 heat
~-treated at 8207C for 20 min, rolled, heat
-treated at 800C for 4 h. Comparison of the
real part of ac susceptibilities in Fig. 4 and 5
reveals that the volume percentage of super
—conducting phases is much higher in the
F-undoped tape (~83%) than in the F-doped
tape of x=0.25 (~50%).
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Fig. 4. Variation of the temperature depend-
ence of ac susceptibilities with the intensity
of the applied ac field for the F-undoped(x=0)
tape.
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Fig. 5. Variation of the temperature depend-
ence of ac susceptibilities with the intensity
of the applied ac field for the tape of x=0.25.
The tape was heat-treated at 820TC for
20 min, rolled, heat-treated at 800C for 4 h.

Fig. 6 shows the dependence of T. and
peak temperature (Tp) of imaginary compo
-nent of ac susceptibility on intensity of the
ac field applied in tapes of x=0 and 0.25,
which was obtained from Fig. 4 and 5. Fig. 6

shows that T. in tape of x=0.25 is lower than
that in F-undoped tape by 5.3 K, indicating
that F-doping in the present composition
decreases T.. This result is not consistent in
the result of Hamdan et al. [20).

It has been adopted that in a given ac
field, a critical state is established at a
temperature (Tp) where a peak in imaginary
part of ac susceptibility appears. That means
that the magnetic flux with a given field
intensity penetrates into the center of
inter—granular junction at T, and thus a
maximum ac loss generates. Therefore, Tp is a
measure of inter-granular coupling strength.
Comparison of the field dependence of T, in
both tapes in Fig. 6 indicates that the
inter-granular coupling is stronger in tape of
x=0 than in tape of x=0.25.
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Fig. 6. The dependence of maximum ac loss
temperature (T,) and T. on field in tapes of
x=0 and 0.25. Circles represent for x=0
and squares for x=0.25. Closed ones represent
for Ty, and open for T..

40 T T T T T T T T

35+ ® x=0 10 . i
30 / -
25
20
15h~

-5-4;3-2-1 0 T
in 1-TT )

J, (kA/lcm’)

10

0 C 1 N 1 " i i i i
70 80 90 100 110 120

Temperature (K)

Fig. 7. The temperature dependence of
the inter-granular J.,, which is calculated
by applying Beans formula J.=H,/a to the
critical state. The inset shows a plot of the
calculated Jc. versus (1—T/TC)“.
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In the frame of the finite critical state
model [21,22,23), the inter-granular critical
current density (J.,) has been evaluated by
applying Beans formula J.=H,/a to the
critical state. Here a is a sample dimension,
and H, is the critical field for which the flux
just reaches the center of the sample and the
intensity of the applied field at T,. Fig. 7
shows the temperature dependence of J.u
values calculated using Beans formula. J.'s of
25,500 and 6.800 A/em” at 77 K and O T
were obtained for tapes of x=0 and 0.25,
respectively. These values are in an excellent
agreement with the measured transport J..
The inset in Fig. 7 shows a plot of the
calculated Jey versus (1-T/To)" (24,25). B was
evaluated to be 1.1 and 1.05 for tapes of x=0
and of x=0.25, respectively, indicating that
the inter—-granular contacts in both tapes are
basically a SIS Josephson junction type and
SNS characteristic is a little stronger in the
F-undoped tape.

4. Conclusion

F-doped T1-1223 tapes of TlosPbo 2Bio2Sris
Baga2Caz 2CusOyFx (x=0.25, 0.5, 0.75 and 1.0)
compositions were prepared using the PIT
method and their characteristics were
compared to those in a F-undoped tape. It
was found that F-doping resulted in a
decrease of the formation temperature of
T1-1223 phase, but accelerated the formation
of the undesirable impurity phases. Also it
resulted in the decrease in T.. J. and coupling
strength in inter-granular junctions. The
significant J. decrease resulting from F-
doping is attributed to much reduced TI-1223
phase content caused by formation of
undesirable impurity phases such as SrFa.
However, F-doping seems not to change the
morphology of T1-1223 grains and the junc
-tional type of inter-granular contacts.

Acknowledgement

The present authors express their gratitude
to Korean Ministry of Science and Technology

for their financial support.

References

(1} M. Jergel, A. Conde Gallardo, C. Falcony
Guajardo and V. Strbik. Supercond. Sci.
Technol., Vol.9, 427, 1996

(2] National Renewable Energy Lab. report,
Superconductor Week, Vol.12, No.9, 1, 1998

(3) Z. F. Ren, W. Li, D. Z. Wang, J. Y. Lao,
J. H. Wang, M. Paranthaman, D. T.
Verebelyi, D. K. Christen, D. F. Lee, A.
Goyal and D. M. Kroeger, Physica C,
Vol.313, 241, 1999

(4) Z. F. Ren, J. H. Wang, D. J. Miller and
K. C. Goretta, Physica C, Vol.229, 137,
1994

(5) D. J. Miller, J. G. Hu, Z. Ren and J. H.
Wang, J. Electro. Mater., Vol.23, 1151,
1994

(6) Z. F. Ren and J. H. Wang, Physica C,
Vol.216, 199, 1993

(7) K. A. Richardson, S. Wu, D. Bracanovic,
P. A J. de Groot, M. K. Al-Mosawi, D.
M. Ogborne and M. T. Weller,
Supercond. Sci. Technol., Vol.8, 238, 1995

(8) G. E. Gladyshevskii, A. Perin, B. Hensel,
R. Flukiger, R. Abraham, K. Lebbou, M.
Th. Cohen-Adad and J. -L. Jordan,
Physica C, Vol.255, 113, 1995

(9] Z. F. Ren, C. A. Wang, J. H. Wang, D.
H. Miller and K. C. Goretta, Physica C,
Vol.247, 163, 1995

(10)] V. Selvamanickam, T. Finkle, K.
Pfaffenbach, P. Haldar, E. J. Peterson,
K. V. Salazaar, E. P. Roth, and J. E.
Tkaczyk, Physica C, Vol.260, 313, 1996

(11) M. T. Lanagan, J. Hu, M. Foley, P.
Kostic, M. R. Hagen, D. J. Miller and K.
C. Goretta, Physica C, Vol.256, 387,
1996

(12) V. Selvamanickam, K. Pfaffenbach, D.
Kirchoff, M. Gardner, D. W. Hazelton
and P. Haldar, IEEE Trans. Appl.
Supercond., Vol.7, 1953, 1997

(13] D. Y. Jeong and M. H. Sohn, J. Kor.
Phys. Soc., Vol.31, 60, 1997

(14) D. Y. Jeong and M. H. Sohn, Physica C,
Vol.297, 192, 1998

(15] T. Riepl, 8. Zachmayer, R. Low, C.
Pauli, C. Reimann and K. F. Renk, J.
Supercond., Vol.11, 67, 1998

(16] C. M. R. Grovenor, J. C. Moore, C. J.
Eastell, M. J. Naylor, S. Fox, V. Boffa,
R. Bruzzese and M. J. Goringe, J.
Supercond., Vol.11, 103, 1998

(17) D. Y. Jeong, H. K. Kim and Y. C. Kim,
Physica C, Vol.314, 139, 1999

(18] D. Y. Jeong, M. H. Sohn., H. S. Kim, L.
L. He, M. Cantoni and S. Horiuchi,
Physica C. Vol.269, 279, 1996

(19) D. Y. Jeong, H. K. Kim, Y. C. Kim, B.
J. Kim, H. S. Lee, T. Tsuruta, Y. Matsui
and S. Horiuchi, Physica C. Vo0l.330,
169, 2000

(20) N. M. Hamdan, Kh. A. Ziq and A. S.
Al-Harthi, Physica C, Vol.314, 125, 1999

(21) K. -H. Muller, J. C. Macfarlene and R.
Driver, Physica C, Vol.158, 69, 1989

(22) K. ~H. Muller, Physica C, Vol.159, 717,
1989



6 F=EML - M23HE=EA, 24, 1F, 20004 5¥

(23) K. -H. Muller, M. Nikolo and R. Driver,
Phys. Rev. B, Vol.43, 7976, 1991

(24) J. R. Clem. Physica C, Vol.153-155, 50,
1988

(25) K. V. Bhagwat and P. Chaddah, Physica

C, Vol.166, 1, 1990

2 I e |

Aul g (8 Axk)

1956 8¢ 304 A, 19799 HF4H
9 T AT 4, 198149 F
e adFst EY(FEFHAD,
19881 Texas W3 &gty &4
(o18rekrl) . Al AT AT A
d A+

23 AR

19723 109 2694, 1998d 4
o Fd Fdstetn <. @A 74t
f hebel Eefdhat AAabay

ol % B (%)
1974 29 24d4. 1996 FAkoh
A weleta 250, 19989 % o)
s gelelnt 2ol @l

il

A7 (MR )

19709 129 49 A, 1997d R
o T R Egste £<],
199949 Fuigd FrlAzFed &
A(FEAAL A A7 A A Q)
g9

IR

195581 79 1544, 1980 H4b
o i Eelda 9. 19829
T g Eega £ (oA,
1989 ©]= Univ. of Tennessee
Bagtat & (oAl 1989d
~&A Fadsm Ee - gk Fase

ol 54 (F3A2)
1955W 29 99 A, 1978W ¥4
0 oAdd gelds &9, 19864
soiste 29 (e]3uAb), WA 3
dstw elen us




